Bacterial surface layers (S-layers) have been found as the outermost cell envelope component on over 200 different species belonging to nearly every taxonomic group of the bacterial phylum (for a review, see reference 29a). The morphological and chemical properties of many different S-layers have been studied in detail. In recent years more attention was drawn to the field of S-layer gene regulation and variation. For several individual strains, S-layer variation has been observed (5, 7, 9, 13) . In pathogenic microorganisms, S-layer variation is a strategy to escape an effective immune response of the infected host (4, 11, 22) . Genetically, S-layer variation was shown to be based on chromosomal DNA rearrangements, like the inversion of promoter sequences (6) and entire gene cassettes (8) , as well as recombination between variable and constant gene segments (5) . Here we report another type of S-layer variation depending on recombinational events between the natural megaplasmid and chromosomal DNA of the organism.
Bacillus stearothermophilus PV72 wild-type cells (PV72/p6) are covered with the S-layer protein SbsA. The molecular mass of the subunits is 130 kDa, and they form a hexagonal (p6) array on the surface. SbsA is stably synthesized on complex medium under glucose and oxygen double limitation at a growth temperature of 57°C. S-layer protein synthesis in B. stearothermophilus PV72, however, is highly associated with the physiological state of the cell and can be influenced by a number of different parameters (25, 30, 31, 32) . One important factor of S-layer synthesis in B. stearothermophilus PV72 is the dissolved oxygen concentration in the medium. When the dissolved oxygen concentration is increased from 20 or 30% to 50% during continuous cultivation on synthetic growth medium, SbsA becomes rapidly replaced by the second S-layer protein SbsB (21, 30, 31, 32) . In comparison to SbsA, SbsB monomers are smaller (97 kDa) and assemble into an S-layer lattice with oblique (p2) symmetry. During the switch, both S-layer proteins can be visualized on a single cell by electron microscopy (31) . This indicates that no selection on existing, sbsB-expressing cells takes place, but variation is induced in single cells. Furthermore, no cells covered with SbsB are detected in electron microscopy during sbsA expression. In addition to S-layer variation, the secondary cell wall polymer that is responsible for binding of the SbsA subunits to the cell wall is replaced. This polymer now specifically binds SbsB subunits (16) . This suggests complex regulation of S-layer protein variation in B. stearothermophilus PV72.
Both S-layer-encoding genes sbsA and sbsB have been cloned and sequenced (19, 21) . In contrast to other S-layer genes, which are involved in S-layer protein variation (5, 7), nucleotide sequence comparison of sbsA and sbsB revealed no significant stretches of sequence identity within their coding regions (21) . To gain closer insight into S-layer protein variation of B. stearothermophilus PV72 induced by increased oxygen concentration, both S-layer-encoding genes and their upstream regulatory regions were investigated. Since preliminary experiments demonstrated that sbsB is not located on the chromosome of PV72/p6 during sbsA expression, natural megaplasmid DNA from this strain was used to detect sbsB. Here we report a new type of S-layer protein variation in B. stearothermophilus PV72, based on recombinational events between the chromosome and the natural megaplasmid of this strain.
MATERIALS AND METHODS
Bacterial strains, growth conditions, and plasmids. Bacillus strains were grown in SVIII medium (2) at 57°C. B. stearothermophilus PV72/p6 (wild type) expresses the S-layer protein SbsA (19, 29) . The variant, B. stearothermophilus PV72/p2, expressing sbsB, was isolated from a continuous culture of strain PV72/p6 when cells were grown at a dissolved oxygen concentration of 50% instead of 20 to 30% (29, 33) . Escherichia coli DH5␣ was grown in Luria-Bertani medium at 37°C (27) . For selecting transformants harboring the cloning vector pKK232-8 and clones with the inserted sbsB (pHS-p2u) and sbsA (pHS-p6u) upstream regions, ampicillin or chloramphenicol (or both) was added to a final concentration of 100 g/ml each. The promoter-probing vector pKK232-8 (Pharmacia) was used for the cloning of both upstream regulatory regions.
Oligonucleotides used for PCR, primer extension, and hybridization analyses. Oligonucleotides used for the amplification of sbsA and sbsB nucleotide sequences as well as for the generation of specific hybridization probes are given in Table 1 . The positions of the oligonucleotides and the sequences detected either on the chromosome or on the plasmids of PV72/p2 and PV72/p6 are illustrated in Fig. 5 .
DNA manipulations. Chromosomal DNA from B. stearothermophilus PV72/p2 and PV72/p6 was prepared as described by Ausubel et al. (1) . Restriction endonuclease digestion, DNA analysis, transformation procedures, agarose gel electrophoresis, and cloning of DNA fragments were carried out as described by Sambrook et al. (27) . All enzymes and restriction endonucleases required were obtained from Boehringer Mannheim or New England Biolabs.
Isolation of megaplasmids from B. stearothermophilus PV72/p6 and PV72/p2. Plasmid DNA from cultures of B. stearothermophilus PV72/p2 and PV72/p6 was isolated by a slightly modified alkaline lysis method (31) described by Birnboim and Doly (3), followed by twofold cesium chloride-ethidium bromide density gradient centrifugation. To enhance cell lysis and to separate cell wall-associated proteins and nucleases, cells were repeatedly resuspended in a high-salt buffer (10 mM Tris-HCl [pH 8 .0], 20 mM EDTA [pH 8.0], 50 mM NaCl). As plasmid DNA was unstable in solution after isolation (Tris-HCl or Tris-HCl/EDTA), it was kept stable as a dry pellet at room temperature and dissolved in Tris-EDTA buffer (pH 8.0) just before use.
Isolation of RNA. Total RNA from cells of B. stearothermophilus PV72/p2 and PV72/p6 was isolated at the beginning (optical density at 600 nm [OD 600 ] of 0.35), during mid-exponential growth (OD 600 of 0.7), and in stationary growth phase. Samples of cells (1.2 ml) were harvested by centrifugation (10,000 ϫ g for 3 min at 4°C) and suspended in 100 l of Tris-EDTA (pH 8.0) containing lysozyme (1 mg/ml). After 5 min of incubation at room temperature, 250 l of RLT lysis buffer (Qiagen) and 30 l of diethyl pyrocarbonate (DEPC)-treated 2 M sodium acetate were added. To separate chromosomal DNA from the RNA, samples were extracted two times with water-saturated, acidic phenol-chloroform. RNA was precipitated with 1% (vol/vol) isopropanol for 30 min at Ϫ20°C. Pellets were dissolved in 30 l of diethyl pyrocarbonate-treated H 2 O, of which 3 l was analyzed on a 1% agarose gel (1ϫ Tris-borate-EDTA). For Northern blot and primer extension analyses, RNA was digested with DNase I as recommended by the manufacturer.
Hybridization techniques. Northern and Southern blotting were carried out as described by Sambrook et al. (27) . sbsA-and sbsB-specific DNA fragments derived by PCR from chromosomal DNA were purified with the QIAquick PCR purification kit (Qiagen) and biotinylated by random labeling with the Phototope Star detection kit (New England Biolabs). After labeling, the PCR fragments were again purified with the QIAquick PCR purification kit (Qiagen) and used for Southern and Northern blotting. Oligonucleotides 32A and p2-ext were biotinylated with Biotin-CE Phosphoramidite (Cruachem Ltd., Glasgow, U.K.) using a PolyGen DNA synthesizer (Langen, Munich, Germany) and used for Northern hybridization. For detection, the Phototope Star detection kit was used.
PCR and inverse PCR. PCR amplifications of sbsA and sbsB upstream regions were carried out in a 100-l reaction volume containing 10 l of 2 mM deoxynucleotides, 1 U of Taq DNA polymerase, 1ϫ Taq reaction buffer, 0.1 M each of primers, and 500 ng of genomic DNA or 200 ng of plasmid DNA of B. stearothermophilus PV72/p2 or PV72/p6. Thirty cycles of amplification were carried out in a thermocycler (Biometra Trio Thermoblock). Each cycle consisted of a 90-s denaturation step at 92°C, a 40-s annealing step with annealing temperatures depending on the calculated T m of the oligonucleotides used, and a 90-s extension step at 72°C. The PCR products were verified by 0.8% agarose gel electrophoresis and purified with the QIAquick PCR purification kit (Qiagen). Inverse PCR was carried out to amplify the unknown upstream regulatory sbsA and sbsB nucleotide sequence by the method described by Ochman et al. (23) . Chromosomal DNA from B. stearothermophilus PV72/p2 and PV72/p6 was digested with ClaI and HindIII, respectively. After heat inactivation of the enzymes, samples were religated (rapid DNA ligation kit; Boehringer Mannheim) and used directly as template for inverse PCR.
Generation of sbsA and sbsB upstream regions from B. stearothermophilus PV72/p6 and PV72/p2. The upstream region of sbsA from B. stearothermophilus PV72/p6 was generated by inverse PCR using primers T7-S and 32A-S, resulting in a 2,300-bp PCR product. This PCR fragment was cloned as a BamHI-HindIII fragment into the multiple cloning site of the promoter probe vector pKK 232-8, giving rise to pHS-p6u in E. coli DH5␣. Positive clones were able to grow on chroramphenicol (100 g/ml). The insert was sequenced with primers NTG, NTGi1, and H4i. The upstream region of sbsB from B. stearothermophilus PV72/p2 was amplified by inverse PCR using primers NIS3A and NIS1A-G, resulting in a 720-bp PCR product, and cloned as described for the inverse PCR product of sbsA, giving rise to pHS-p2u.
DNA sequencing. For sequence analysis, PCR fragments were purified as described before. Purification of plasmids pHS-p2u and pHS-p6u was carried out with Talent miniprep columns (Talent, Rome, Italy). The DNA sequence of pHS-p2u, containing the 5Ј region of sbsB, and the DNA sequence of pHS-p6u, containing the 5Ј region of sbsA, were determined by the dideoxy chain termi- Primer extension analysis was carried out with 7 g of total RNA isolated from strain PV72/p6 and PV72/p2 in mid-exponential and stationary growth phase. One-tenth femtomole of infrared fluorescence 5Ј-end-labeled, sbsA-specific primer 32A, and 0.4 fmol of [␥-
32 P]ATP-end-labeled sbsB-specific primer p2-ext (see Fig. 1, arrows) were used for the annealing reaction in 15 l of reaction buffer (50 mM Tris-HCl [pH 8.3], 75 mM KCl). The reaction mixture was heated to 80°C for 5 min and then rapidly cooled by incubating the samples in a mixture of dry ice and ethanol. After shock freezing, 3 l of 36 mM MgCl 2 was added. For the extension reaction at 37°C for 30 min, 10 U of Moloney murine leukemia virus (M-MLV) reverse transcriptase in 10 l of reaction mixture containing 50 mM Tris-HCl (pH 8.3), 75 mM KCl, 10 mM dithiothreitol, 1 mM each of the four deoxynucleoside triphosphates, and 2.5 l of the annealing mixture were used. Two volumes of M-MLV loading dye were added to the reaction mixture containing the sbsB extension product and heated for 3 min at 95°C, and 3 l was finally analyzed on a denaturing 8% polyacrylamide gel along with the sequence reaction carried out with the same primer as the extension reaction and pHS-p2u (sbsB) as the template. The fluorescence-labeled primer extension mix was analyzed using a LI-COR DNA sequencer model 4000 by the dideoxy chain termination method (28) and pHS-p6u (sbsA) as the template for the sequencing reaction.
Stability of mRNA transcripts. To a culture of PV72/p2 and PV72/p6 at an OD 600 of 0.6, rifampin (Sigma) was added to a final concentration of 0.1 mg/ml. Samples (1.2 ml) were taken at 1-min intervals for the first 5 min and then at intervals of 5 min. To avoid RNA degradation, each sample was shock frozen by incubation in liquid nitrogen. RNA was isolated and purified as described before. An equal amount of RNA was loaded, separated on a denaturing formaldehydeagarose gel as described by Sambrook et al. (27) , and transferred to a Gene Screen Plus membrane (NEN-Dupont). For detection of sbsA-and sbsB-specific transcripts, the same oligonucleotides as for primer extension (32A for sbsA and p2-ext for sbsB) were used.
Nucleotide sequence accession numbers. The nucleotide sequences of the sbsA and sbsB upstream regulatory regions have been submitted to the EMBL nucleotide database under accession nos. AJ401028 and AJ401027, respectively.
RESULTS
Cloning and sequencing of the sbsA and sbsB upstream regulatory region. From the available sequence data for sbsA and sbsB, primers for inverse PCR were constructed to amplify both upstream regions. Inverse PCR of the sbsA upstream sequence with primers T7-S and 32A-S resulted in a PCR product of 2,300 bp, whereas inverse PCR of the sbsB upstream region, carried out with primer pair NIS3A and NIS1A-G, resulted in a PCR fragment of 720 bp. By this procedure, 643 additional base pairs of sbsB and 1,600 bp of the sbsA upstream sequence were generated. Since cloning of the corresponding DNA fragments into common vector systems like pUC and pKS failed, the fragments were cloned into the promoter probing vector pKK232-8 and transformed into E. coli DH5␣. This vector allows the cloning of strong promoters and the selection of promoter-carrying clones on chloramphenicol. Positive clones of either sbsA (pHS-p6u) or sbsB (pHS-p2u) were able to grow at a high concentration of chloramphenicol (200 g/ml), indicating that the sbsA as well as the sbsB promoter is active in E. coli. Nucleotide comparison of 1,372 bp of the sbsA and 637 bp of the sbsB upstream region revealed different upstream regions (Fig. 1) . A stretch of 35 bp with 87.8% identity was found within both upstream regions close to the transcriptional start, embedded in an AT-rich region of low complexity (Fig. 1, boxed area) . No similarity of the sbsA and sbsB upstream regions to other known genes was detected by databank analyses. Four direct repeats (A 4-8 TG) spaced by 19 and 20 nucleotides are located in the upstream region of sbsA (Fig. 1A , positions Ϫ295 to Ϫ286, Ϫ267 to Ϫ261, Ϫ232 to Ϫ224, and Ϫ203 to Ϫ194). No direct repeats are found within the upstream region of sbsB.
Primer extension analysis and promoter activity. Total RNA from both strains at an OD 600 of 0.7 (mid-exponential growth) was used for primer extension analysis to map the transcriptional start of sbsA and sbsB mRNA. Primer extension analysis was carried out with oligonucleotide 32A for sbsA mRNA and p2-ext for sbsB mRNA (Fig. 1, arrows) . Single signals with regard to the ATG start codon were detected at position Ϫ261 for sbsA mRNA from PV72/p6 (Fig. 1A, ϩ1) , and at position Ϫ217 (Fig. 1B, ϩ1) for sbsB mRNA from PV72/p2. This indicated that both genes are transcribed from a single promoter. With RNA isolated from the early exponential growth phase (OD 600 ϭ 0.35) or stationary phase, identical transcriptional starts were mapped for both mRNAs (data not shown). The Ϫ35 regions of both genes are identical (TT GAAA), while the Ϫ10 regions of sbsA (TATTTA) and sbsB (TAGAAT) are different (Fig. 1) .
Transcription of sbsA and sbsB and mRNA stability. To investigate sbsA and sbsB transcripts, 250 l of overnight cultures of PV72/p6 and PV72/p2 was inoculated into 25 ml of fresh SVIII medium, and growth was monitored by measuring the OD 600 . Previous Southern blot analysis (data not shown) revealed chromosomal DNA rearrangements of the sbsA gene between an OD of 0.35 (early exponential growth) and 0.7 (mid-exponential growth phase). In order to detect possible differences in sbsA or sbsB transcription correlated to these rearrangements, total mRNA was investigated at both OD values. The same oligonucleotides as for primer extension analysis were used (p2-ext for sbsB and 32A for sbsA mRNA) in Northern blotting. Independent of the OD value, a single transcript was detected for both mRNAs, which are indicated by arrows in Fig. 2 A and close to the positions of the 23S and 16S rRNAs (indicated by asterisks). These signals did not disappear when different sbsAspecific oligonucleotides or randomly labeled sbsA-specific probes were used and might reflect degradation and/or termination products of the transcripts. For both mRNAs, the stability of the transcripts was analyzed. A half-life of 5 min was detected for both mRNA transcripts (data not shown).
Localization of sbsB in the sbsA-expressing strain PV72/p6. The entire coding and upstream regulatory region of sbsB can be detected on the chromosome of the sbsB-expressing strain PV72/p2. From previous experiments, it was known that the sbsB-encoding sequence could not be detected on the chromosome of the sbsA-expressing strain PV72/p6 by hybridization and PCR analysis (20, 30, 31) . Based on the knowledge that B. stearothermophilus PV72/p6 carries natural megaplasmids (31), we suggested that the sbsB coding region might be located on the plasmid and integrate into the chromosome during the switch from sbsA to sbsB expression. To confirm this hypothesis, PCR and hybridization analyses were carried out to detect sbsB on the plasmid of PV72/p6. In hybridization experiments, an sbsB-specific probe of 1,820 nucleotides (Up62-SbsB-C) that covers the middle and 3Ј region of sbsB (see Fig. 5 ), generated with primer pair Up62 and SbsB-C, was used. This probe clearly hybridized with BamHI (which does not cut sbsB)-cleaved plasmid DNA of PV72/p6 (Fig. 3A, lane 1 ), but not with chromosomal DNA of this strain (Fig. 3A, lane 2) . Three hybridization signals were detected. Since BamHI does not cut within the sbsB coding region, it might be suggested that more than one sbsB-homologous copy is present on the plasmid. Although in previous PCR analysis (31) we were not able to detect the sbsB gene on the plasmid of PV72/p6, this new finding indicated that sbsB or sbsB-homologous sequences FIG. 1. Primer extension and nucleotide sequence analysis of the sbsA and sbsB upstream regions. The transcriptional start of both transcripts is indicated by ϩ1. The primers used for the extension reaction (32A for sbsA and p2-ext for sbsB) are underlined and indicated by arrows. The extended products were separated by electrophoresis alongside a dideoxy sequence ladder generated with the same primers. The primer extension signal is indicated for sbsA in panel A and for sbsB in panel B. DNA sequencing lanes are as labeled, and the transcriptional start residues G for sbsA (boldface, indicated with ϩ1) and A for sbsB (boldface, indicated with ϩ1) are labeled on the left. In the nucleotide sequence, the Ϫ10 and Ϫ35 regions of sbsA and sbsB are shown in boldface, and the ribosome-binding sites (rbs) are underlined. A stretch of 35 nucleotides with 87.7% identity (boxed area) is found close to the promoter of both genes.
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on February 22, 2013 by PENN STATE UNIV http://jb.asm.org/ are located on the plasmid of the sbsA-expressing strain PV72/ p6. To confirm the data obtained by Southern hybridization, PCR analyses were carried out under optimized conditions (optimized purification of plasmid DNA and altered PCR conditions). Primer combinations specific for the upstream regulatory region (P2-Up2-p2-ext), internal region (UP62-SbsB-C), and the very C-terminal region (LISC2-SbsB-C) of sbsB were used with plasmid DNA from PV72/p6. With primer pairs UP62-SbsB-C and LISC2-SbsB-C, amplification products of the correct lengths (1,820 and 680 bp, respectively), as calculated from the nucleotide sequence of sbsB, were obtained (data not shown). The upstream regulatory region could not be amplified with plasmid DNA. To confirm the accuracy of the amplified PCR products, the corresponding agarose gel was blotted on a nylon membrane and hybridized with a probe (P2-Up2-SbsB-C) specific for the entire sbsB gene (see Fig. 5 ), including its upstream regulatory region, in a Southern blot (Fig. 3) . Specific signals corresponding to the amplified PCR products were obtained (Fig. 3B, lanes 1 and 3) , whereas no signal was detected with the upstream region of sbsB (Fig. 3B , lane 2). The results obtained by Southern hybridization and PCR analysis suggested that in the sbsA-expressing strain, the sbsB coding region is located on the plasmid, not on the chromosome, whereas the regulatory region is not located on the plasmid. However, the sbsB regulatory region could be mapped on the chromosome of PV72/p6 by PCR and Southern blotting (data not shown).
Localization of sbsA in the sbsB-expressing strain PV72/p2. The entire sbsA coding and upstream regulatory region can be detected on the chromosome of PV72/p6 before the switch to sbsB expression. Previous hybridization experiments indicated that the coding region of sbsB has been removed from the chromosome of PV72/p6. To answer the question of which parts of the sbsA gene remain on the chromosome of PV72/p2 or whether plasmid DNA is involved, chromosomal and plasmid DNA from PV72/p2 was used to amplify the sbsA gene. As a positive control, chromosomal DNA from PV72/p6 was used. In the control, each sbsA-specific primer pair resulted in amplification of the expected product (Fig. 4, lanes 2, 3, and 4) . With sbsA-specific primers, using PV72/p2 chromosomal DNA as the template, the upstream regulatory region (Fig. 4, lane 5) but not the coding region (Fig. 4, lanes 6 and 7) of sbsA was amplified. The localization of the primers is shown in Fig. 5 . The results suggest that the upstream regulatory region of sbsA but not the coding region is present on the chromosome of PV72/p2. In contrast to plasmid DNA from PV72/p2, the coding region of sbsA could be detected (Fig. 4, lanes 9 and 10) . The upstream regulatory region of sbsA was not amplified when plasmid DNA was used (Fig. 4, lane 8) . Therefore it might be suggested that the sbsA coding region is removed from the chromosome of PV72/p2 during the switch to sbsB expression. Whether the sbsA coding region is integrated into the plasmid of PV72/p2 or deleted from the chromosome has to be determined in further experiments. . PCR analysis to detect sbsA in the sbsB-expressing strain PV72/p2. Chromosomal DNA of the sbsA-expressing strain PV72/p6 was used as a positive control. Reactions were carried out with primer combinations specific for either the upstream regulatory region of sbsA (P6up1-32A) (lanes 2, 5, and 8), the internal region (NTNN-RPG1) (lanes 3, 6, and 9), or the C terminus (RP1-M15) (lanes 4, 7, and 10). PCR products were separated on a 0.8% agarose gel and stained with ethidium bromide. Lane 1, molecular size standards. Lanes 2, 3, and 4, PV72/p6 chromosomal DNA. Lanes 5, 6, and 7, PV72/p2 chromosomal DNA. Lanes 8, 9, and 10, PV72/p2 plasmid DNA.
DISCUSSION
S-layer gene expression in B. stearothermophilus PV72 is tightly linked to the physiological state of the organism and can be influenced by various factors, such as temperature, glucose concentration, amino acid composition, and dissolved oxygen concentration (25, 30, 31) . The finding that the synchronized switch from sbsA to sbsB expression is correlated with the exchange of the second cell wall polymer that binds the S-layer subunits to the bacterial membrane (16) suggests complex regulation of the S-layer genes and other surface structures. In Lactobacillus acidophilus, both S-layer proteins (encoded by slpA and slpB) are located on the chromosome, using a single expression site via a flip mechanism (7). In Campylobacter fetus, the expression of different S-layer genes depends on the presence of homologous, silent copies on the chromosome (34) that recombine in a recA-dependent manner (14) . The S-layer genes sbsA and sbsB of B. stearothermophilus PV72 have no regions of significant sequence identity. This suggests that no homologous recombination between sbsA and sbsB occurs. Only a single copy of sbsA in PV72/p6 and of sbsB in PV72/p2 can be detected on the chromosome. One major question was the localization of the second S-layer gene sbsB in the sbsAexpressing strain PV72/p6. Since sbsB cannot be detected on the chromosome of this strain, we followed the hypothesis that sbsB might be located on the plasmid of PV72/p6. In previous studies (31), we were not able to detect sbsB on the plasmid by PCR analysis. However, the occurrence of three hybridization signals of the sbsB gene on the plasmid (complete digestion) of the sbsA-expressing strain (Fig. 3A, lane 1) indicated the presence of at least three sbsB homologues. By optimizing the conditions for PCR and plasmid DNA purification, the sbsB coding region could be detected on the plasmid of PV72/p6, confirming the results obtained by Southern blot analysis. After the switch to sbsB expression (PV72/p2), sbsB was detected (Fig. 5) . The number of sbsB homologue copies on the plasmid of PV72/p6 and their exact locations (flanking regions) are currently being investigated. The presence of multiple sbsA (31) and sbsB (this study) homologue copies on the plasmids of PV72/p6 and the presence of the sbsA coding region on the plasmid of PV72/p2 emphasize the role of plasmid DNA in S-layer gene variation in B. stearothermophilus PV72. Furthermore, the plasmids in B. stearothermophilus PV72 might play an essential role in the survival of the organism. Efforts to cure the strains of the plasmids failed (data not shown). Integration of plasmid DNA into the chromosome is considered a dynamic event, contributing to the flexibility of bacterial genomes (24) . Plasmidencoded surface proteins have been reported for several different bacteria. In many cases they play an essential role in virulence and adhesion. In Yersinia pestis, the causative agent of plague, the integration of plasmid-encoded surface proteins into the chromosome, including the capsular antigen and murine toxin as well as the entire calcium dependence plasmid that is common to pathogenic yersiniae, has been demonstrated (26) . The localization of the S-layer gene sbsB on a large plasmid of PV72/p6 and its integration into the chromosome are in agreement with these findings, but they differ from S-layer variation in other bacteria. So far, no switch back from sbsB to sbsA expression was observed, indicating that switchback to sbsA expression is a rare or even impossible event.
As described for other S-layer mRNAs, long untranslated leader sequences (UTRs) are found in both the sbsA and sbsB transcripts, which can form stable stem-loop structures. Secondary structures within the UTRs are supposed to prolong the half-life of mRNAs. For other S-layer mRNAs harboring extended 5Ј-UTRs, long half-lives of up to 20 min were reported (10, 12, 17) . In the case of sbsA and sbsB, a half-life of 5 min was detected for the transcripts. Both promoters are located within an AT-rich region of low complexity. For Bacillus subtilis, it was demonstrated that transcription from the flagellin promoter is stimulated 20-fold by an AϩT-rich region termed the upstream promoter element (18) . Whether transcription of sbsA and sbsB is enhanced by the AϩT-rich region has to be determined in further experiments. The results of this study show that S-layer variation in B. stearothermophilus PV72 differs from S-layer variation described for other bacteria. Recombinational events between the chromosome and the natural megaplasmids seem to be crucial for a change in the expression of S-layer genes in B. stearothermophilus PV72. The molecular mechanism of the recombinations as well as the factors that are involved in the regulation of sbsA and sbsB expression still have to be determined.
